Background: Hand-grip strength (HGS) has been shown recently to help in predicting disease outcomes and assessing health risk, particularly in cardiovascular and metabolic disease. Studies confirming its link to diabetes (T2DM) suggest there is potential for its use as simple screening tool. This study examined this possibility in a developing-world population, in a cohort of Tongan diabetics.
Introduction
Type 2 diabetes mellitus (T2DM) is an important target for medical research. Its deadly but silent nature means that by the time of diagnosis, 50% of sufferers have already developed serious complications. [1] These can be classified as macro or micro vascular and affect a vast array of organ systems [2] . The complications are confounded and related to impaired microcirculation, altered blood rheology, neuropathy and its concomitant other conditions [3, 4] .
Musculoskeletal effects include reduced upper-limb strength and poorer muscle quality, which combined with nerve damage, can lead to severe disability [5] [6] [7] As a result, appropriate screening and early and accurate diagnosis of T2DM is extremely important.
Hand-grip strength (HGS) testing is being increasingly studied as a potential tool for monitoring and predicting cardiovascular and metabolic disease. [8] [9] [10] [11] [12] [13] [14] [15] [16] Given the aforementioned musculoskeletal consequences of T2DM, various studies have made observations on the relationship between HGS and T2DM [13] [14] [15] and it is now broadly accepted that HGS is affected in diabetics when compared with the general population [16] . Not only this, but further work demonstrated that HGS is actually negatively correlated with HBA1c and with the duration of diabetes. [17] [18] The numerous potential reasons for this effect include reduced mitochondria in muscle cells, reduced glycogen synthesis and increased inflammatory cytokines at a molecular level, and muscle wasting, stiffer joints, connective tissue damage and neuropathy resulting in reduced mobility [14] .
It is hypothesized that monitoring this physiological damage trajectory in T2DM might add to our knowledge of the disease process and even give rise to opportunity for screening. This is because research published in the American Journal of Preventative Medicine in 2015 suggested that, even among healthy weight adults, HGS was reduced both in diagnosed and undiagnosed diabetics and that this was reduced in comparison with normal population.
[19] Indeed, HGS has been found to be inversely associated with incident type 2 diabetes [20] and 2010 research from the University of Washington suggested having a greater grip strength meant you were less likely to be at risk for developing the disease in the future [21] . Since the publication of these observations, Eckman et al. [9] developed and presented a model comprising: 'HGS,' 'age,' 'blood pressure' and 'BMI' as a potentially viable method for detecting early T2DM risk, in a Kenyan population. Although the researchers did not show how well this model performs in their patient population, they suggested that a tool based on HGS tool can be widely available, inexpensive, easy to use and easy to transport [22] .
These advantages make such a tool particularly useful in third world countries, or for health systems which lack resources. The extent to which their model would work in another population or continent, is questionable, however, given the variance in HGS in different ethnic groups that has been observed as part of the HELIUS study in 2015 [23] and its association with body weight and age [6] . The Kingdom of Tonga, like many of the Pacific nations, is a country experiencing a T2DM epidemic [24] , where prevalence of the disease has doubled since 1973, but 80% of sufferers remain undiagnosed [25] . Primary care is under strain and Tongan hospitals (such as the Prince Wellington hospital on Northern island set Vavau used here) are under-resourced for provision of effective T2DM prevention, screening and care [26] .
The present study explores the potential for using a simple mechanical device, used to produce HGS values, in medical diagnosis and prevention care clinical routines. It employs HGS testing in cohort of people that presented themselves to clinics in Tonga to screen for those among them at high risk of T2DM. The study aims to combine HGS to some other basic patient metrics similarly to some very recent previous studies [9, [13] [14] [15] [16] , but now applied for a completely different and challenging demographic cohort of a south east Asian population. The topic concerns one of the most important public health challenges in modern medicine and relates musculoskeletal complications with metabolic medicine. Greater accuracy in knowledge of diabetic complications and their effects on the body, could mean more accurate diagnosis and management of a silent and destructive disease. Recent studies confirm, hand-grip strength testing has ever-widening prospects for its application to various medical fields. Moreover, the work offers an opportunity to gather original data on a little-studied population so as to explore the utilization of such a tool in an under-resourced developing world diabetes epidemic.
Patients and Methods
The Measurements to be taken were to be determined by the availability of hospital time and resources. In order to produce a model comparable to [9] at least Age, BMI, BP and HGS measurements would have to be recorded. Ultimately patient measurements of 
Results

Patient Sample Demographics
Data was collected on a total of 149 patients, including 91 patients with a diagnosis of T2DM and 58 without a diagnosis of T2DM. The sample size was determined by the time and resources available and was planned to be comparable to other such bespoke studies globally. Anthropometric values and the matching between groups are shown in Table 1 . 
Relationship Between HGS and Other Patient Variables
Muscle performance and strength has been linked to body weight and age in the absence and presence of T2DM [6] . We looked for the presence of a pattern separately for males and females (Table 2) . The last row in Table 2 shows that HGS correlates significantly Cell Contents: top value is the Pearson correlation; Underneath is the P-Value where *indicates statistical significant correlation between these variables.
In Table 3 , HGS is shown to correlate significantly with Age and no other variable. This is shown in 
Effects on 'HGS' of: Age -Systolic Bp -Diastolic Bp -BMI -'Duration Of Disease' Within The Diseased Population for Males and Females
Duration is the only other factor not considered thus far as it applies only to the diseased group. This was explored via a multifactorial regression relationship using the 'stepwise regression' routine in Minitab®. All available variables were considered by the programme and the level to enter or exit the regression was a=0.15. Eventually only those variables, which have a statistically significant effect on HGS were retained within this generalized linear model (Table 4) . HGS correlated with both Age and BMI in males (Table 2 ), but in the generalised linear model the cross correlation between Age and BMI was such that only one of them stayed as the more dominant one, Age (Table 5 ). In both males and females, the regression shows that still only ' Age' can be used to predict 'HGS' in the sufferers, even when 'duration' is considered. Unlike other studies the 'duration' is not a significant reliable factor. However, 'duration' is essentially the time since diagnosis, and this then may reflect in fact the performance of the local health care system in diagnosing sufferers late or reporting them accurately. A predictive model can be produced by using binary logistics regression where the output is not a continuous variable but in binary form (0 for controls and 1 for diabetics) ( Table 6 ).
Binary Logistics Regressions: A Model to Predict Likelihood of Suffering with T2DM based on 'HGS', 'BMI' and 'Age' values
Model-1: Binary Logistics Regression Equation for Males
( ) For a cut off probability value of 0.6 / the performance was: 78% (TP), 22% (FN), 44% (TN), 56%(FP).
Model-4: Binary Logistics Regression Equation for Females
( ) Figure 6 ) ( Table 9) . For a cut off probability value of 0.48 / the performance was: 82% (TP), 18% (FN), 57% (TN), 43%(FP). 
Discussion
The aim of this study, which was carried on diabetic patients in a third world country, was to examine whether, after collecting a set number of physiological measurements including HGS, it is possible to ascertain the likelihood of being at high risk of suffering with T2DM. This is against a background of research suggesting that HGS, a musculoskeletal measurement which is affected in T2DM, appears to carry additional diagnostic value for screening in musculoskeletal and neuronal diseases.
The method was taken to the Kingdom of Tonga where it would be challenged because of the very different ethnic, continental and lifestyle background. Consequently, the results of this work do not mirror results demonstrated in some other previous studies as in this patient sample we found no statistically significant difference in HGS between controls and diabetics ( Table 1) . As shown in Relationship Between HGS and Other Patient Variables' HGS relates to Age and BMI; high BMI for high HGS and thus increased BMI which also would be a factor for T2DM was already linked to HGS skewing the data. HGS, on the whole, correlated significantly with age in both men and women in this population and this is regardless of diabetic status (Figure 1a & 2a) . This relationship was stronger in diabetics, both male and female. The relationship between HGS and BMI was statistically significant in males but not in females (Figure 1b & 2b) .
As shown in section where the relationship between HGS and 'duration' of disease is examined and in conjunction with other variables, this was not significant. That may have been due to a limitation in accuracy of defining 'duration'. It is not possible to be confident that the duration of the disease which was assessed from the date they were diagnosed locally was accurate because the locals, compared to other populations, do not attend hospitals, they do not have any primary care physicians to be seen to, knowledge about diabetes and its impact is very poor and the urgency to deal with a suspected condition is lacking. This is further compounded by the possibility that even within the 'controls' there may have been sufferers who were undiagnosed T2DM.
The best results were produced by use of the binary logistics models -1 to -4. These were able to apportion probability values Table 1 , the difference in variations such as gender, age and BMI between the cohorts meant that the populations were not ideally matched.
There is an extremely high prevalence of diabetes in Tonga and so finding patients without a diagnosis of diabetes is a challenge.
In addition, the recruited 'control' volunteers were from other outpatient clinics and therefore, it cannot be dismissed that they were suffering from other conditions, such as obesity, hypertension or dyslipidemia, which may have equally well affected the physiological measurements values and HGS. Notably, the average BMI of the female control group was higher than that of the female diabetic group (see Table 1 ) and the opposite was true for the males; and in both sexes HGS followed the same patterns as BMI.
It should also be noted that four acute cases were not included in T2DM because they were managed on an urgency basis and thus
were not part of the study which searches for a diagnostic method for T2DM.
The HGS values produced may be affected by some other musculoskeletal dysfunctions and are not diabetes specific. It is also possible, for instance, that patients may have been suffering from undiagnosed conditions, e.g. arthritis, which made use of the dynamometer difficult. There is also no standardized method for choice of size of hand-grip dynamometer because there are no known guidelines. It would be good to produce such rules in a future study. HGS data collection and performance was not blinded and was visible to the researcher and the participant so as to encourage maximum grip strength. There were sex differences, women tended to approach the dynamometer with some timidity, and it may be the case that culturally the Tongan women find it difficult to exert themselves in public. 
Conclusion
In the present study we have used a simple mechanical device, used to produce HGS measurements, to ascertain its utility value in medical diagnosis and prevention care clinical routines. We have exploited the very presence and occurrence of a musculoskeletal and neuronal complication brought about by the presence of type 2
Diabetes, in a statistics tool, to predict the presence of the disease itself. We have gathered physiological variables such as BMI, BP, Age and HGS in a cohort of T2DM sufferers and for a sex/aged matched control of non-diabetics to explore the hypothesis that HGS can contribute towards a model for screening and predicting for this condition. The significance of the present methodology is that it is the second study of its kind to be performed in a third world setting.
The means and methodology are quite simple and HGS may be a useful measure within a predictive tool by which health risk may be assessed in a developing country such as Tonga though more research is needed. The use of HGS in combination with Age and BMI led to a binary logistic model which apportioned a probability of having T2DM more than 0.5 (>50%) for the majority of sufferers and can be used to at least highlight those who should be referred for further investigation. The overall impressions for use of the dynamometer were positive in general due to its novelty and men in particular enjoy taking part. The HGS tool offers an easy health test which could be used by non-medically trained professionals in order to screen a population such as that in Tonga where doctors are rare and there is much reliance on aid from other countries.
Tongan health care struggles with the burden of screening for T2DM, in which case monitoring and treating diabetes, through perhaps early diagnosis and prevention, may in fact be the best cure in this context.
